Objective: To screen for influenza virus neuraminidase inhibition and to provide a reference for the clinical treatment of influenza using traditional Chinese medicines (TCM). In this study, 421 crude extracts (solubilized with petroleum ether, ethanol, ethyl acetate, and aqueous solvents) were obtained from 113 TCM. The medicine extracts were then reacted with oseltamivir, using 2'-(4-methylumbelliferyl)-α-D-N-acetylneuraminic acid (MUNANA) as the substrate, to determine influenza virus neuraminidase activity using a standard fluorimetric assay. It was found that Chinese medicine extracts from Pyrola calliantha, Cynanchum wilfordii, Balanophora involucrata and Paeonia delavayi significantly inhibited neuraminidase activity at a concentration of 40 µg/mL. Dose-dependent inhibitory assays also revealed significant inhibition. The IC 50 range of the TCM extracts for influenza virus neuraminidase was approximately 12.66-34.85 µg/mL, respectively. Some Chinese medicines have clear anti-influenza viral effects that may play an important role in the treatment of influenza through the inhibition of viral neuraminidase. The results of this study demonstrated that plant medicines can serve as a useful source of neuraminidase (NA) inhibitors and further investigation into the pharmacologic activities of these extracts is warranted.
Introduction
Influenza (flu) is an infectious disease that seriously affects human life and health [1, 2] . According to the World Health Organization (WHO) statistics, influenza annually causes an estimated 250,000-500,000 deaths and approximately three to five million cases of severe illness worldwide. Influenza poses a range of serious threats to public health by inducing substantial economic losses and social problems throughout the world [3, 4] .
Influenza A viruses, including the H5N1, H3N2 and H1N1 subtypes, pose a potential pandemic threat to public health [1] . According to World Health Organization (WHO) statistics, as of January 2014, there have been a total of 650 confirmed human cases of H5N1 virus, with 386 deaths (59% mortality rate) in 15 countries since 2003 [5] .
At present, there are two available classes of anti-influenza viral drugs: NA inhibitors (oseltamivir, zanamivir, peramivir and laninamivir) and M2 ion channel inhibitors (amantadine and rimantadine) [6] .
NA inhibitors were developed because of the genetic stability of the influenza virus active NA enzymatic center [7] . NA is an influenza virus surface glycoprotein that is recognized as an attractive target for the development of antiviral drugs [8, 9] . Currently, neuraminidase inhibitors (NAIs) are in wide use for the treatment of influenza [10] . However, the efficacy of these drugs has declined due to viral mutations conferring resistance to some NAIs [11] . Because of this challenge, many researchers are now focused on the development of new anti-influenza treatments or combination therapies to enhance the efficacy of anti-influenza drugs [12, 13] .
Although synthetic NAIs, such as seltamivir and zanamivir, have been designed to halt viral replication, adverse side effects, such as nausea, vomiting, diarrhea, abdominal pain, have been observed [14, 15] . Hence, naturally existing NAIs have attracted considerable interest for treating influenza [16, 17] . Additionally, compound indigowoad root granules and ginseng polysaccharides have been recognized as antiviral agents with activity against the influenza virus [9] . Many Chinese traditional patent medicines, such as Shuanghuanglian oral liquid, Qingkailing oral liquid, Qingre Jiedu oral liquid and Reduning injection, have also displayed relatively high NA inhibitory activities.
In this study, 421 crude extracts (solubilized with petroleum ether, ethanol, ethyl acetate, and aqueous solvents) were obtained from 113 traditional Chinese medicines. Some plant medicines have clear anti-influenza viral effects. The results of this study will provide important information for the isolation of active constituents and for the clinical use of TCM for treating and preventing influenza.
Materials and Methods

Plant Materials
All TCM were collected from Yun Nan and Si Chuan provinces by Professor Linfang Huang. The identities of all samples were authenticated by Professor Yulin Li. The selected specimens were deposited in the herbarium of the Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences.
Chemicals
Chemicals used included 2'-(4-methylumbelliferyl)-α-D-N-acetylneuraminic acid (MUNANA, Sigma, St. Louis, MO, USA), MES, (Sigma, St. Louis, MO, USA), CaCl 2 , NaOH, absolute ethyl alcohol (pure analytical grade), and other chemicals, all of which were of extra pure analytical grade.
Plant Extraction
The medicinal plant material was crushed into coarse powder. Five hundred grams of powder was soaked in petroleum ether for 24 h, after which a percolation extraction was performed. The filter was retrieved and the petroleum ether was evaporated. The residue was washed with 80% ethanol and subjected twice to reflux extraction with triple the volume of 80% ethanol. The extract solutions were then combined and ethanol was reclaimed at reduced pressures until no alcohol was detected. Extraction was then performed twice with an equal volume of ethyl acetate. The upper solution was then extracted and concentrated to obtain the ethyl acetate extract, whereas the lower solution was concentrated to dryness to yield the ethanol extract. The residue was evaporated to dryness and was then extracted twice with an amount of water equal to triple the mass of the materials. The aqueous extract solutions were combined and concentrated to dryness, and the water extract was then obtained (Figure 1 ). 
Neuraminidase Inhibition Assay
The substrate 2'-(4-methylumbelliferyl)-α-D-N-acetylneuraminic acid (MUNANA) was combined with oseltamivir or traditional Chinese medicine extracts to examine influenza virus NA activity using a standard fluorimetric assay. In this assay, the substrate and NA reacted to yield a fluorescent product that could be quantified [6, 18] (Figure 2 ). The reaction mixture containing test extract compounds and either NA enzyme or a viral suspension in 33 mM MES buffer and 4 mM calcium chloride (pH 6.5) was incubated for 40 min at 37 °C. After incubation, the reaction was terminated by adding 34 mM NaOH. Fluorescence was quantified at an excitation wavelength of 360 nm and an emission wavelength of 450 nm. The 50% inhibitory concentration (IC50) was defined as the concentration of NA inhibitor necessary to reduce 
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Results and Discussion
The inhibitory activities on NA for the TCM species examined were evaluated and the percentage inhibitions are shown in Table 1 . Four extracts using petroleum ether, ethyl acetate, ethanol and aqueous extracts were prepared from each of the 113 dried medicines. The TCM extracts were analyzed for NA inhibitory activity. Twenty-six of the extracts (from Citrus reticulata Blanco, Angelica pubescens and Radix Anemones Rivularis species) were found to promote NA activity, whereas 395 extracts showed different degrees of NA inhibitory activity. Twenty-six extracts were found to inhibit NA by greater than 50%, including the 11 ethanol extracts of Curcuma longa L., Rhus chinensis Mill., Fagopyrum dibotrys and Fagopyrum dibotrys species. Furthermore, the 12 ethyl acetate extracts of Balanophora involucrata, Balanophora involucrata, Paeonia delavayi Franch, and Cynanchum wilfordii (Maxim.) Hemsl.; the three petroleum ether extracts of Carthamus tinctorius L., Fagopyrum dibotrys, Polygonum aubertii Henry; and the three aqueous extracts of Cynanchum wilfordii, Paeonia delavayi Franch and Rhus chinensis Mill. exhibited significant NA inhibition at 40 µg/mL.
The dose-dependent NA inhibitory activities of 10 medicines that exhibited the most NA inhibition were studied further. The IC 50 inhibition values are presented in Table 2 . Among these 10 TCM, the most potent NA inhibition was exhibited by the ethyl acetate extract of Paeonia delavayi Franch (IC 50 = 12.66 µg/mL). Influenza is a serious threat to human health. Thus, there is an urgent need to develop anti-influenza drugs. Some herbal medicines are used as a treatment for influenza. Traditional Chinese medicines may have an important role in the research and development of new drugs for influenza treatment. Screening for bioactive compounds from medicinal plants is an important strategy. NAIs from TCM are important resources for potential therapeutic agents directed against influenza. This paper evaluated the in vitro activity of commonly used TCM against influenza virus neuraminidase. Here, we screened novel NAI extracted from 113 medicines using a fluorimetric assay. These results suggest that Rhus chinensis and Paeonia delavayi offer great potential for the treatment of influenza. Most of the ethyl acetate extracts showed strong NA inhibitory activities. This is the first time that medicine extracts have been tested on a large scale for their ability to inhibit NA. In addition, the 10 TCM that exhibited the most NAI in this study have not been traditionally used to treat influenza. Among these 10 medicine extracts, the Paeonia delavayi ethyl acetate extracts were the most potent in the NAI assays.
According to the Chinese pharmacopoeia (2015, [19] ) and other references, all 10 TCM have the effects of heat-clearing and detoxification. It is believed that heat-clearing and detoxification are connected with eliminating the virus, while the support of healthy energy is concerned with enhancing immunity. Influenza is treated by drugs to relieve the 'exterior syndrome', and heat-clearing drugs are used as antibiotics [15] .
Interestingly, some medicines (Isatis indigotica, Forsythia suspensa, Lonicera japonica and Scutellaria baicalensis) that have traditionally been prescribed to treat influenza were found to have low anti-NA activity at 40 µg/mL. The inhibition by Isatis indigotica was less than 5%. The data indicated that the anti-influenza effect of this medicine is not influenced by the effect of inhibiting NA.
Conclusions
The results of this study indicate that many plant medicines offer great potential for the treatment of influenza. The full therapeutic range of traditional Chinese medicines has been relatively unexplored. The results of this report warrant further investigation of TCM extracts for potential therapeutic agents to use in the treatment of influenza. The anti-influenza activity of NAIs has been well established by numerous in vitro and in vivo studies. However, there is scarcity in the volume of the cell experiments and in vivo studies undertaken to explore these TCM potentials for anti-influenza activity. In the future, we will make an effort to identify the bioactive components of the extracts and explore the antiviral activity of these compounds with in vivo and in vitro experiments.
